INTRODUCTION
We considered separately the proportion of n-6 and n-3 PUFAs (where 3 and 6 refer to the 92 first double bond from the terminal CH 3 of the carbon chain), given that n-3 PUFAs are more 93 prone to peroxidation than n-6 PUFAs (Hulbert et al., 2007) . We predicted that the 94 proportion of n-3 PUFAs (but not necessarily the proportion of n-6 PUFAs) will decrease in 95 species with higher MSMR and higher levels of sperm competition. Similarly, we predicted 96 that the proportion of DHA (i.e., the PUFA most prone to peroxidation) will show a negative 97 relationship with MSMR and levels of sperm competition.
98
Our prediction that higher MSMR will lead to sperm cells with lower proportions of 99 n-3 PUFAs and DHA is, however, opposite to what we know to be the case in all other 100 tissues so far investigated, in which higher metabolism is coupled with higher levels of membranes, where it contributes to an impermeable and cohesive membrane (White, 1993) . 124 We predicted that in species with higher levels of sperm competition there will be a lower (Lin et al., 1993; Zalata et al., 2010) .
133
In mammals, desmosterol is mostly restricted to sperm cells and testes (Connor et al., 1998) .
134
Desmosterol has two double bonds while cholesterol has only one double bond, which may 135 result in desmosterol providing more fluidity to the membrane (Lin et al., 1993; Connor et 136 al., 1998). Consequently, we predicted that the desmosterol:cholesterol ratio may increase 137 with higher MSMR and higher levels of sperm competition to counterbalance a possible 138 decrease in the proportion of PUFAs to reduce the incidence of lipid peroxidation.
139
We found that high MSMR and high levels of sperm competition both promote a 140 decrease in the proportion of PUFAs that are more prone to lipid peroxidation. These results, compared to those of previous studies, indicate that the fatty-acid composition of membranes 142 in sperm cells differs from that found in all other cell types. 
MATERIALS AND METHODS

146
We collected data on the composition of phospholipids, fatty acids, and sterols
147
(cholesterol and desmosterol) in the sperm of 21 mammalian species (see Table S1 in
148
Additional file 1). For all these 21 species we also collected data on body mass (g) and testes 149 mass (g), whereas data on mass-specific metabolic rate (ml O 2 / h x g) was found for a subset 150 of 16 species (Table S1 ). Only data for the three main classes of phospholipids
151
(phosphatidylcholine, phosphatidylethanolamine and sphingomyelin) were available for a 152 sufficient number of species (n = 13; Table S1 ). For two of these phospholipids
153
(phosphatidylcholine and phosphatidylethanolamine), we compiled data from the literature on 154 their fatty-acid composition for 9 species (Tables S2 and S3) , and studied the relationship of 155 these data with relative testes mass (we did not have MSMR data for all these 9 species, so 156 we did not perform analyses on the effect of MSMR).
157
We calculated five variables regarding the total fatty-acid content in sperm: 158 percentage of saturated fatty acids (% SFA), percentage of polyunsaturated fatty acids (% 159 PUFA), percentage of n-6 polyunsaturated fatty acids (% n6), percentage of n-3 160 polyunsaturated fatty acids (% n3), and percentage of docosahexaenoic acid (% DHA). We 161 also compiled or calculated two ratios: cholesterol:phospholipid and desmosterol:cholesterol.
162
For any of these variables, when more than one value was reported for the same species, we 163 calculated an average value weighted by sample size. Data on MSMR, body mass, testes 164 mass, and ratios were log 10 -transformed. All the other variables, being percentage data, were 165 arcsine-transformed (calculating arcsine of the square root of the variable).
We tested the influence of metabolic rate on the composition of the sperm membrane, (Fig. 1 proportion of total or n-6 PUFAs, the proportion of DHA, the cholesterol:phospholipid ratio,
204
the desmosterol:cholesteriol ratio, the proportion of phosphatidylcholine, or the proportion of 205 phosphatidylethanolamine (P > 0.05 for all analyses; see Table 1 ). However, an increase in Table 1 and Table S4 ).
209
The proportion of SFAs, PUFAs, and DHA in phosphatidylcholine or 210 phosphatidylethanolamine were not related to body mass or relative testes mass (P > 0.05 for 211 all analyses; see Tables S5 and S6 in Additional file 1).
212
There was no significant relationship between MSMR and relative testes mass
213
(PGLS: F 1,13 = 1.62, P = 0.23; see Table S7 in Additional file 1), which indicates that MSMR
214
and sperm competition may have independent effects on the proportion of n-3 PUFAs. 
256
The proportion of DHA in mammalian sperm varies across species much more than in 257 any other tissues. While the proportion of DHA across species in heart, skeletal muscle, liver, PUFAs, and DHA in particular.
276
In the majority of studies from which we compiled data for our analyses (see Table   277 S1), no distinction was made between phospholipids from the head and from the tail of sperm relation to cholesterol is also higher in sperm tails than in sperm heads (Connor et al., 1998) .
285
In the same way that the six double bonds of DHA contribute to increase membrane fluidity,
286
the two double bonds in desmosterol can confer more membrane fluidity than the single 287 double bond in cholesterol (Connor et al., 1998) . Given that our results showed that the 288 desmosterol:cholesterol ratio was positively associated with MSMR, we argue that the 289 decrease in n-3 PUFAs in species with high MSMR (which can reduce the risk of lipid 290 peroxidation but will also reduce membrane fluidity), can be counterbalanced with a higher 
294
The cholesterol:phospholipid ratio was not related to MSMR or sperm competition.
295
The proportion of the main phospholipid classes (phosphatidylcholine, 296 phosphatidylethanolamine, and sphingomyelin) were also not related to MSMR, which is also Phylogenetically controlled multiple regression analyses revealing the effects of mass- Table S1 . Data on body mass, testes mass, mass-specific metabolic rate and sperm lipid variables Table S2 . Data on body mass, testes mass, mass-specific metabolic rate and fatty-acid composition of sperm phosphatidylcholine Table S3 . Data on body mass, testes mass, mass-specific metabolic rate and fatty-acid composition of sperm phosphatidylethanolamine
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